16. Klein, R. B., Fischer, T. J., Gard, S. E., Biberstein, M., and Steim, E. R.:
Decreased mononuclear and polymorphonuclear chemotaxis in newborns. Pediatrics, 60: 467 (1977 
Summary
We examined neonatal lymphocyte production of the lymphokine, lymphocyte-derived chemotactic factor (LDCF). Supernatants from 10 neonatal lymphocyte cultures were paired with the supernatants from 10 adult lymphocyte cultures. Chemotactic activity was defined as the number of adult monocytes migrating toward phytohemagglutinin-stimulated supernatants minus the number of monocytes migrating toward nonstimulated control supernatants using a blind well chamber assay. Eight of the 10 neonatal lymphocyte cultures produced LDCF and five of the 10 adult lymphocyte cultures showed LDCF activity. The mean number of monocytes migrating toward neonatal supernatants was 13.0 2 1.5 and toward adult supernatants was 14.1 f 2. The newborn infant's increased susceptibility to viral, fungal, and protozoal infections is consistent with impaired cellular immunity. Although absolute numbers of T cells and mitogen-induced T cell proliferation has been normal in peripheral blood obtained from neonates (16, 17) , a number of investigators have documented impaired cutaneous hypersensitivity (16) . Fireman et al. (8) have shown that neonates are deficient in their ability to show skin test reactivity to PPD antigen. The neonates studied were given transfer factor or leukocytes from PPD positive mothers. Their peripheral lymphocytes were then capable of responding to PPD by blastogenesis and capable of passively transfering skin test reactivity to adults yet these neonates could not develop a ~ositive skin test themselves. These abnormal skin test resDonses Lay indicate a functional defect of neonatal lymphocites or macrophages in producing important mediators of inflammation or may indicate -impaired responses of neonatal monocytes and polymorphonuclear cells to inflammatory mediators.
Lymphokines, immunologic mediators produced by lymphocytes, have been shown to be an important component in delayed hypersensitivity (I), but it is still not clearly defined which lymphokine is responsible for the typical accumulation of mononu-clear cells in delayed type skin reactions. LDCF has been thought to be a potential mediator for this phenomenon (5, 13) . Hence the study of LDCF production is particularly relevant to neonatal immunity.
Studies by previous investigators (4, 7, 9-12, 16) have yielded conflicting results concerning the functional capability of neonatal lymphocytes to produce lymphokines. In one study of MIF (16) , the discrepancy between adult and neonatal lymphokine production was most evident when dilutions of lymphocyte culture supernatants were assayed, suggesting a quantitative difference in production between adult and neonatal specimens. In addition, discrepancies between cord lymphocyte and neonatal lymphocyte lymphokine production were reported (16) . We examined neonatal lymphocyte production of the lymphokine, LDCF to further assess the functional capability of neonatal lymphocytes compared with adult lymphocyte controls and to further define the defect of cellular immunity in neonates.
MATERIALS AND METHODS
Heparinized peripheral blood (10-15 U/ml) was prepared from samples obtained by venipuncture from 10 neonates, 2-6 days of age, and from 10 healthy adult laboratory workers. Informed consent was obtained from the mother of each infant studied. In general, 3-5 cc of heparinized peripheral blood was obtained from these neonates.
Lymphocyte cultures. Lymphocyte cultures were prepared by Ficoll-Hypaque differential centrifugation of peripheral blood (3). Mononuclear cells were then washed three times with HBSS. A wet-preparation differential of mononuclear cells was done using toluidene blue stain, and lo6 lymphocyte/ml were suspended in serum-free RPMI 1640 (25 mM Hepes buffer and L-glutamine, Gibco) with additional L-glutamine (0.6 mg/ml) plus an antibioticantimycotic preparation (Penicillin 100 unit/ml, fungizone 0.25 pg/ml, streptomycin (100 pg/ml), and gentamicin (10 pg/ml). Lymphocytes were incubated with PHA (Burroughs Welcome) for 48 h because preliminary studies had determined 48 h as an optimal time to assay supernatants for LDCF. Total culture volume was 0.5-1.0 cc at each PHA dose. The cultures were centrifuged at 400 x g for 15 min, and supernatants were aspirated and frozen at -70°C for later assay. PHA was added to nonstimulated control cultures at the end of the 48-h incubation period, and these control supernatants were processed similarly.
Monocyte chemotaxis assay for LDCF. Lymphocyte culture supernatants were assayed for LDCF activity by the method of Altman et al. (2) and Snyderman et a1 (15) . Blind well chambers (Bio-Rad Laboratories) were used with upper and lower compartments separated by a 5.0 p m Nuclepore filter. Human peripheral monocytes from adult volunteers were prepared by Ficoll-Hypaque differential centrifugation. The wet-preparation differential was done using toluidene blue stain to ascertain monocyte content and the mononuclear cells were suspended at a concentration of 1.5 x lo6 monocytes/ml in the same serum-free media used for the lymphocyte cultures (RPMI-1640 with additional L-glutamine, antibiotic/antimycotic, and gentamicin). Appropriate dilutions of test or control supernatants (0.2 ml) were placed in the lower compartments. All dilutions of supernatants used serum-free RPMI 1640. The monocyte suspensions (0.2 ml of 1.5 X lo6 monocytes/ml) were placed in the upper compartments. The chemotaxis chambers were incubated for 90 min at 37OC in 5% humidified COz. The filters were removed, futed with ethanol, and stained with hematoxylin and Wright stain. For each filter, the number of monocytes migrating through the filter toward test supernatants was counted under oil immersion in 20 fields. The mean number of migrating monocytes per oil field was determined. Filters were tested in triplicate.
For each assay, control solutions were also assayed for monocyte chemotactic activity to determine response of test monocytes. Controls were serum-free RPMI 1640 as described above and endotoxin (Salmonella typhosa, Sigma) activated pooled plasma diluted 1:lO. All monocyte suspensions used responded to endotoxin activated plasma when compared to serum-free RPMI 1640.
Chemotactic activity was defined as the number of monocytes migrating toward stimulated supernatants minus the number of monocytes migrating toward nonstimulated control supernatants. Student's t test (6) was used to compare monocyte migration toward stimulated supernatants with migration toward control supernatants.
RESULTS

Cell composition of lymphocyte cultures.
Neonatal and adult control mononuclear cell preparations were similar in cellular composition when a ~e t -~i e~a r a t i o n differential was done using toluidene blue stain. Neonatal mononuclear preparations contained 72.7 -+ 1.5% lymphocytes, 26.4 + 1.4% monbcytes, and 0.8 + 0.3% polymorphonuclear cells. Adult control preparations contained 77.5 & 1.3% lymphocytes, 21.5 -+ 1.1% monocytes, and 1.0 + 0.3% polymorphonuclear cells. Dose response. PHA dose response was determined with PHA concentrations from 0.03-3.3 pg/rnl. Maximal LDCF production for both neonatal and adult lymphocytes cultures occurred in the range of 0.03-0.8 pg/ml. Although the PHA dose for maximal response varied, lymphocytes were incubated with at least two and usually three or four concentrations of PHA in the peak response range. Supernatants from each dose were assayed with the supernatant from the appropriate control culture.
Experiments with both neonatal and adult lymphocyte cultures determined 48 h as an optimal time to harvest supernatants. Prior experiments with adult lymphocyte cultures determined that a 1:3 dilution of supernatant was optimal for LDCF assay in this system.
LDCFproduction. Supernatants from 10 neonatal lymphocyte cultures were paired with the supernatants from 10 adult lymphocyte cultures. Supernatants from each pair were assayed simultaneously for LDCF activity using the same adult test monocytes. A 1:3 dilution of supernatant was used. Results from these studies are summarized in Table 1 . Eight of the 10 neonatal lymphocyte cultures produced LDCF and five of the 10 adult lymphocyte cultures showed LDCF activity. The mean number of monocytes migrating toward neonatal supernatants was 13.0 + 1.5 and toward adult supernatants was 14.1 k 2.1. Supernatants were considered positive for LDCF if the number of monocytes migrating toward stimulated supernatants was statistically different from the number of monocytes migrating toward control supernatants using Student's t test (P 5 0.05). In some studies variation in triplicate filters did not allow results to be statistically significant although mean number (mean of three filters) of monocytes migrating toward stimulated supernatants did exceed mean number migrating toward control supernatants.
Although these studies used only a 1:3 dilution of lymphocyte supernatants, a quantitative difference in neonatal versus adult LDCF production might not have been observed. To determine if a quantitative difference in LDCF production did exist, six additional experiments were performed assaying undiluted supernatants and 1:2, 1:3, 1:5, and 1: 10 dilutions of culture supernatants. Either a PHA concentration of 0.08 or 0.8 pg/ml was used, and again all experiments were done with adult-neonatal pairs. No evidence was found for a quantitative difference in LDCF production. Higher dilutions of neonatal supernatants did not lose chemotactic activity when compared to adult supernatant dilutions. Two sample dilution curves are shown in Figure 1 . Each experiment represents one adult-neonatal pair.
DISCUSSION
Earlier published studies of cord and neonatal lymphokine production have yielded conflicting results about the functional capability of these mononuclear cells. Stiehm et al. (16) found both neonatal and cord mononuclear cells to be deficient in MIF production when stimulated with PHA, with neonatal lymphocytes being quantitatively more deficient than cord lymphocytes. Fig. 1 . Dilution assay of neonatal and adult lymphocyte culture supernatants for lymphocyte-derived chemotactic factor activity. The number of monocytes migrating toward stimulated supernatants minus the number migrating toward controls supernatants is shown for each supernatant dilution assayed. Maximal response at each supernatant dilution is shown. Phytohegglutinin = 0.8 pg/ml. Asterisk (*) indicates that the mean number of monocytes migrating toward stimulated supernatants differed significantly from the mean number migrating toward control supernatants when Student's t test (P 5 0.05) was used.
Other investigators (12) found normal M I F production by cord lymphocytes. Bryson et al. (4) described deficiencies of immune interferon production by both neonatal and cord lymphocytes with normal classical interferon production whereas Handzel et al. (10) found normal immune interferon production by cord lymphocytes. Cord mononuclear cells produced normal L I F (9, 10) but decreased lymphotoxin (7).
Kretschrner et al. (11) examined L D C F production by cord mononuclear cells in a small number of samples. They reported that cord mononuclear cells produced L D C F which was a chemoattractant for adult monocytes but was less chemoattractant for cord monocytes. I n view of the reported greater deficiency of neonatal compared to cord mononuclear cells in M I F production (16) The defect in neonatal skin test hypersensitivity may indeed be more related to deficit cell mobility than deficit lymphokine production. Although cord monocytes chemotax normally, Raghunathan et al. (14) have shown defective neonatal monocyte chemotaxis. Alternatively, antigen-induced production of L D C F by neonatal mononuclear cells may be deficient although mitogeninduced responses appear normal.
